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Dinitrophenol-induced ATPase of rat-l iver mitochondria
MyBns aNn SrerBnl found that with increasing concentrations of 2,4-dinitrophenol
the optimum pH of the dinitrophenol-induced ATPase of rat-liver mitochondria
moved to higher pH's. From the form of the pH-activity curves with difierent concen-
trations of 2,4-dinitrophenol, these authors drew the conclusion that three enzyme
systems with pH optima at 6.3, 7.4and 8.5, respectively, were present in the mito-
chondria, the 6.3 enzyme being stimulated by low concentrations of dinitrophenol
(and inhibited by higher) while higher concentrations were necessary to induce
activity in the 8.5 enzyme.
The alternative explanation of these results, namely that the decreasing activity
of dinitrophenol with increasing pH was due to the fact that the undissociated phenol
is the active form, was rejected because at pH 7.4 p-nitrophenol and 2,4-dinitrophenol
have similar uncoupling activity, whereas the concentrations of the undissociated
phenols differ by a factor of about r,ooo at this pH (pKof 2,4-dinitrophenol,4.r;
of 1-nitrophenol, T.z).In agreement with this conclusion, Penxrnz reported that at
pH 6.8 the most potent uncouplers of oxidative phosphorylation in rat-liver mito-
chondria are those phenols with the lowest pK's.
Graorxn ANo LISS3, on the other hand, drew attention to cases where there
was a poor correlation betrveen pK and the uncoupling activity. They, and inde-
pendently HursuelrN4, introduced a new factor into the consideration of the relative
effectiveness of substituted phenols as uncoupling agents, namely the lipid solubility.
MvBns AND SLATERT, PenxBnz and HiirsueNNa have drawn attention to the
inhibition of the dinitrophenol-induced ATPase by higher concentrations of dinitro-
phenol. The concentration (C6n) giving maximum ATPase has been used in the present
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Abbreviation : ATP, adenosine triphosphate.
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study for a quantitative study of the relationship between the iipid solubility and
the uncoupling activity of alkyl-substituted nitrophenol compounds.
The maximum ATPase was found to be the same for 2,6-dinitrophenol and a
series of alkyl-substituted 2,6-dinitrophenols. At a fixed pH, Copt was found to
decrease with increasing lipophilic character of the compound. For each of the nitro-
phenols listed in Table I, except 75-nitrophenol, Copt increased with increasing pH,
there being a linear relationship between pH and pC6p1. In the case of /-nitrophenol,
which differs from the dinitrophenols studied by virtue of its much higher pK and
lower lipid solubility, pcopt was largely independent of pH between 5 and 7. Above
pH 8, it followed the same relationship with pH as the dinitrophenols.
These results can be explained on the assumption that the undissociated phenol
must be taken up into the mitochondria before it induces ATPase activity. The
concentration of nitrophenol in the lipid phase (Cr,) will be governed by the concen-
tration in the aqueous phase (Caq), the pH of the reaction medium and the pK and
pQ (see Table I) of the nitrophenol. When pK is much less than the pH, as is the case
with all the dinitrophenols investigated,
PCL :  PCaq -  PK  +  Pg  +  PH
In Table II are given the values of pC1 when pCuo equals pCopl given in Table I
(it is assumed that the partition coemcient between water and mitochondrial lipid
is the same as that between water and xylene). From this table it can be concluded that
(i), when at a particular pH the ATPase is maximally stimulated, the concen-
tration of the phenol in the lipid phase (C1) is independent of the degree of lipo-
philicity (p0) of the compound;
(ii), pC1.6p1 increased with increasing pH, according to the equation pCr,.opt :
-r.49 + 0.76 pH, i;.e. C1 necessar! for maximal ATPase is less the higher the pH.
Although these results do not prove that it is the undissociated phenol which
reacts in the mitochondria. it is clear that the concentration of the undissociated
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In this case, the simple expression is not applicatrle, since pH is not greater than p1{' pC1
was calculated from the expression PCr: PCopt -l pQ -t pH { 1og (I( + [H+]).**This 
compound was not so extensively investigatedas 2,6-dinitrophenol, but no significant
difierence was found between the values of pO6p1 for the two compounds. For purposes of calcula-
tion, it has been assumed that they were identical.
* * *  pK  -  pO  :  7 . 44 .
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phenol in the medium determines the degree of uncoupling by a particular dinitro-
phenol and that this is the explanation of the decreasing degree of uncoupling with
increasing pH. In comparing different nitrophenols, two factors have to be considered
-the pK and the lipid solubility. In a series of dinitrophenols which all have about
the same pK, it is the lipid solubility which determines the relative degree of un-
coupling. When comparing 1-nitrophenol with-2,4-dinitrophenol the difierence in pK
(3.r) is largely compensated in the other direction by the difference in pQ (2.55),
so that the fact that around neutral pH the two compounds uncouple to about the
same extent is purely coincidental.
From the above results, it follows that the pH-activity curve of the dinitrophenol-
induced ATPase at a fixed dinitrophenol concentration does not describe the effect
of pH on the enzyme system. It is necessary to determine the relationship between
pH and the maximum activity measured at the C6p1 corresponding to each pH. In
this way, a single maximum at pH 6.9 was {ound for 2,4-dinitrophenol and 2,6-
dinitro-4-isoamylphenol.
Thus, pH-activity curves do not give any evidence of the presence in ratliver
mitochondria of more than one dinitrophenol-induced ATPase.
Preliminary studies suggest that at pH 7.2 the optimum found in the activity-
concentration curve with 2,4-dinitrophenol in reality consists of two peaks close.to
one another. PBunrart5 has recently reported that soluble extracts of mitochondrial
acetone powders exhibit multiphase curves of ATPase response to dinitrophenol at
pH 8.5, when tested in the absence of added salts.
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